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AGS Warm Siberian Snake

• AGS  Warm Snake
– Magnetic element designed and built in Japan by RIKEN
– Shipped to BNL for high power testing: field shape, temperature rise
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AGS Warm Siberian Snake

• Measurements included operating temperature rise v’s water 
flow, field quality, field integral
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AGS Cold Siberian Snake

• AGS  Cold Snake
– Replace the existing 5% partial snake with a more powerful 30%

one. Polarisation 45% -> 70%
– Issues

Complex geometry (variable pitch helix)
Large aperture, high field (20cm, 3T)
No cryogenic infrastructure 

– Cooldown -helium back-up from remote dewar
– Cooling from cryo-coolers for DC operation, 2W heat load max

AGS beam loss induced quenching 
– energy removal
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AGS Snake - Coil Geometry 
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AGS Snake Status

Inner and outer coils
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Cold Snake Central Region: Warm Measurements
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AGS Snake Status

Bore tube wound corrections elements: H&V dipoles + solenoid
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AGS Snake Status

Preparing the cold mass for vertical cold testing, estimate July 12th 
to start the first cold tests
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AGS Snake Status

Scheduled for end of construction - ready for final cold testing - on 9/28/04.  This 
schedule has no contingency which given the complexity of the device is probably 
somewhat optimistic.  A complete series of tests are planned since this is a stand 
alone device.  We intend to deliver the magnet to CAD in early December
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RHIC II e-Cooling R&D: Solenoid development

Solenoid Requirements
• 2 Tesla axial field (possibility of a 5T requirement )
• Up to 30-meter total length (in two or more sections)
• 100 mm coil ID (gives approx. 89 mm cold bore diameter; 

warm bore needed?)
• Bt/Baxial < 10-5

– on-axis ⇒ straightness
– How about off-axis? At least  ~5 mm radius zone is needed just 

to make measurements.
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E-Cooling Conceptual design

• Working on the end configuration which would include short 
(phase advance) quadrupoles
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Dipole Correction Coils

• B⊥ /Bz ~ 10–5 implies a straightness of 10 µm over 1 meter 
length. This may not be achieved with mechanical 
alignment alone.

• Winding imperfections are also likely to produce 
transverse fields on-axis.

• Goal is to achieve as close to 1×10–5 as possible with 
construction tolerances and mechanical adjustment 
(expect ~ a few × 10–4)

• Correct the remaining errors with an array of 
~ 150 mm long, printed circuit dipole correctors.

• Two sets of correctors per axis are required.
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2 Layers of 4 oz Copper patterns; 159 mm ID, 150 mm long

1.25 x 10–3 Tesla central field at 2 A; DB/B ~ 10–3 at 50 mm

Mounted on cryogenic heat shield to minimize dissipated power (approx. 190 W/m 
expected at full power).

Printed Circuit Dipole Correctors
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Array of 150 mm long Correctors, 160 mm apart
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Simulation to Check Correction Algorithm 
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Simulation Results 
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e-Cooler Solenoid Measurement System

3-D Hall probe system (expected resolution of ~10–3 radian)

Magnetic needle and  mirror system (expected resolution of ~10–5 radian; 
used at BINP, IUCF, Fermilab)

LASER

BEAM
SPLITTER

MAGNETIC
NEEDLE

MIRROR

OPTICAL
FILTER

POSITION SENSITIVE DETECTOR
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Measurement System Schematic

SOLENOID

SOLENOID

NMR 
ARRAY ?

HALL 
PROBES

HIGH 
RESOLUTION 
CCD CAMERA

GIMBAL 
MOUNT

BEAM 
SPLITTER

LASER

LASER 
INTERFEROMETER

(Z-POSITION 
MEASUREMENT)

PROBE SLED
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Gimbal mount for magnetic needle and mirror

Mirror

Magnetic 
Needle
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Setup for testing the measurement system

Copper Solenoid
20 mT; 1.83 m longDipole Corrector

By exciting the dipole correctors at a known strength, the deflection of laser spot 
can be compared with the expected change in the solenoidal field direction.
The complete measurement system is currently under development.
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5T Solenoid



Superconducting 
Magnet Division

DOE NP Program
Review - July 04

RIA R&D
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RIA R&D
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RIA R&D
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RIA R&D
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RIA R&D

Test coils in progress.  Since the FY04 funding only arrived in April we will try and 
complete a test coil comprised on 6 sub units in a magnetic mirror configuration 
and test in a vertical dewar by the end of the calendar year.
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RHIC Magnet Systems Scope

A large superconducting inventory of magnets:

• ~ 300 8cm dipoles
• ~ 400 8cm quadrupole/sextupole/corrector units
• 96 13cm IR quadrupoles
• 24 10cm IR dipoles
• 12 18cm IR dipoles
• 12 siberian snakes/spin rotators (48 helical dipole units)
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RHIC Magnet Repair

To date we have experienced 
failures in:
A RHIC helical dipole cold mass

A great deal of testing time in the 
magnet division was expended to 
track down the root cause of 
this failure.  We suspected the 
quench detection algorithm was 
incorrect.  Tests proved 
inconclusive, changes to the 
quench detection were made 
none the less 

A CQS correction element package
A dipole layer

A trim quadrupole in a CQS unit (in 
progress)

The problem is believed to be the 
wiring card
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NP Program Support

• Cryogenic engineering
• Cryogenic controls software
• Quench protection/magnet power supply 

system integration and fault diagnosis
• Quench protection system development
• AGS rapid cycling field measurements



Superconducting 
Magnet Division

DOE NP Program
Review - July 04

Magnet Division Funding

We assume that the magnet program will remain at this level of effort 
(~29 FTE’s) for the foreseeable future.
This represents ~40% of the Magnet Division’s total activity.  
Obvious problem in FY05 from HEP

Nuclear Physics FY 2001 FY 2002 FY 2003 FY 2004 FY 2005
NP program magnet support $4,786 $4,740 $5,350 $5,874 $6,020
FTE's 25.5 26.5 28.5 29.0 29.0

RIA R&D $290 $350 (?)
FTE's 2.0 2.5

CAD support non magnet FTE's 6.0 6.0

High Energy Physics
LHC $9,707 $4,307 $2,302 $780
Base program $1,063 $990 $1,000 $1,000

44.0 30.6 18.8 12
Other

$2,600 $3,840 $2,095
16.3 26.8 15
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Summary

The RHIC program support requirements are maturing (as is the machine):
Magnetic measurements are becoming more subtle
Magnet technology is becoming more complex

No major production tasks anticipated in the near future.  We are moving 
into a low volume, R&D, environment (spin, e-cooling, e-RHIC).

Possible issues with the helical dipoles.  The other RHIC magnets appear 
to be very reliable.

Planning on a constant level of effort


